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EXECUTIVE SUMMARY
This research memorandum examines the factors influencing the level of dependency rates for Marine Corps enlisted personnel. The dependency rate is the percentage of enlisted Marines having at least one dependent. Monthly data from October 1977 through June 1986 are used to determine how factors such as pay grade, age, and military pay affect dependency rates. The impact of Marine Corps policy changes is also evaluated.
The study concludes that changes in military pay and in the age distribution of the enlisted force are the major factors causing fluctuations in dependency rates. Age is an important determinant of dependency because of its high correlation with the probability of being married. High reenlistment rates during the past few years have raised the average age within the Marine Corps. The result is more older Marines with higher rates of dependency.
Even controlling for age, dependency rates have been rising. Part of this rise is due to changes in military pay and allowances. The high rates of dependency now prevalent are actually a return to the more typical rates characteristic of the mid-1970s. The low dependency rates of 1979 and 1980 resulted primarily from the severe erosion of military pay, which reduced the enlisted Marine's ability to marry and have a family.
In some pay grades (primarily E-2 through E-4), there is an additional upward time trend in dependency rates after controlling for age and pay. This trend is unrelated to demographic characteristics and is generally in the opposite direction from the movement of civilian rates. The magnitude of this trend varies from pay grade to pay grade but is still statistically significant. For pay grades E-5 and E-6, the trend is decreasing.
The model developed in this study can be used to predict dependency rates for the next several years. Predicted dependency rates by pay grade for fiscal years 1987 to 1989 are shown in table I. The predictions are based on the following assumptions:
• Military pay and allowances, adjusted for inflation, will be unchanged from current levels.
• The average age within each pay grade will continue to change at the rates experienced during the last 8 years.
• The underlying time trend in dependency rates, after accounting for age and pay, will be the same as estimated during the last 8 years.
If any of these assumptions change, the predictions must be adjusted accordingly. The model can easily be changed in response to different parameter estimates or to accommodate various predictions about future changes in pay and average age. The model is available for use on a microcomputer.
INTRODUCTION
This research memorandum presents updated projections of Marine Corps enlisted dependency rates. The dependency rate is the percentage of enlisted Marines with dependents. Building on the findings of previous research by the Center for Naval Analyses (CNA), 1 the analysis incorporates the effects of changes in pay and the age distribution of Marines to extrapolate current trends for several years into the future. This analysis improves on the earlier research by using more and better data, as well as superior methods for projecting changes in the average age of Marines within pay grades.
Since 1980, enlisted dependency rates have risen steadily and are now at the highest levels of the last 10 years. Previous research indicated that changes in pay and the average age of Marines could explain much of the rise in dependency; however, recent data show dependency rates rising more rapidly than predicted. Using these data, the original model was modified to include a time trend designed to capture the upward movement in dependency rates that is independent of changes in pay and age. The estimation procedure was also adjusted to correct for autocorrelation in the time series of dependency rates.
Projections of dependency rates are critical for accurately predicting budget requirements because Marines with dependents receive a higher basic allowance for quarters (BAQ). The increasing number of dependents also affects areas such as housing requirements, recreational and medical facilities, and family assistance programs. More accurate dependency-rate projections may significantly improve the ability of the Marine Corps to plan for future budget requirements in the area of personnel allowances and military construction.
In recent years, the Marine Corps has experienced a significant rise in the dependency rate. Figure 1 shows the percentage of Marines with dependents from 1978 to 1985. Of particular interest is the bowed shape of the graph, with the lowest rate of dependency occurring in 1980. Since that time, the rate has risen steadily, with recent rates exceeding those for 1978.
The aggregate Marine Corps dependency rates shown in figure 1 obscure the underlying factors that influence the level of dependency. Changes in the age distribution of Marines, for example, have an important effect on the aggregate dependency rate, because older Marines are more likely to be married. In addition, high reenlistment rates result in a higher grade structure, which may, in turn, increase dependency rates. Each of the factors mentioned above could have contributed to the rise in Marine dependency rates. This analysis will address each in turn and determine the degree of influence on the aggregate dependency rate. Other possible explanations will also be examined.
FACTORS INFLUENCING DEPENDENCY RATES
The dependency rate is comprised of several different factors, of which marital status is the most important. Table 1 shows a breakdown of the dependency rate into three components: the presence of a spouse, dependent child, or dependent parent. It is clear that marital status is by far the largest component and also exhibits a sharp rise during the last several years. The other two components are relatively stable during the same time period. More importantly, fluctuations in marital status most closely resemble those in the aggregate dependency rate. The rise in the rate for dependent children has been steady, so that the curve does not exhibit the bowed shape characteristic of the overall rate. The fluctuation in the rate for dependent parents is far too small to have a significant effect. For these reasons, the analysis focuses on marital status as the prime determinant of dependency rates. Part of the rise in dependency from 1980 to 1985 -about 26 percent-can be attributed to a higher grade structure. Table 2 shows the percentage of enlisted Marines in each pay grade in fiscal years 1980 and 1985. There are now lower percentages of Marines in grades E-l and E-2, with correspondingly higher proportions in grades E-3 through E-8. This raises the overall dependency rate because individuals in higher grades are more likely to have dependents. Other factors must be operating, however, because there is also a rising trend within grades since 1980. Figure 2 demonstrates this common pattern in dependency rates for all pay grades. The trend over time is gradually rising, with the lowest rates occurring around 1980. The shape of the curves brings up an interesting question: Which rates are unusual-the relatively high dependency rates of the last few years or the low rates from 1979 to 1981? That rates are now higher than ever before might indicate some new trend; but, in fact, figure 2 is slightly misleading. The aging of the force in recent years has created not only a higher grade structure but also a higher average age within grades. Figure  3 shows dependency rates for enlisted Marines by age group. The curves have a distinct bow shape, and current rates are actually lower than in 1976.
The effect of changes in the age distribution on dependency can be seen by examining figure 4, which shows average dependency rates for Marines age 17 to 25 during the last 9 fiscal years. Relatively small differences in age have a strong impact on the dependency rate. For example, the rate for 23-year-old Marines is 11.2 percentage points higher than that for 22-year-olds. Of course, if the age distribution remains constant, dependency rates will not change. However, the average age of Marines has been increasing since 1977. Figure 5 shows the pronounced upward trend in average age for the most common pay grades. There is no evidence that the trend has reached its peak, and high reenlistment rates will continue to push up the average age of Marines in these pay grades. Fiscal year Comparing dependency rates for Marines to those for civilians and other service forces will shed some light on whether some other factors proposed as explanations are, in fact, determining factors. One reason proposed for the rise in dependency is demographic-that is, the rise in Marine dependency is part of an overall trend in the U.S. population. If this were true, civilian marriage rates could be a good indicator of Marine dependency rates. As shown in figure 6 , however, the percentage of male civilians that are married has declined steadily in every age group since the early 1970s. Marital status for Marines has behaved very differently; figure 7 shows a direct comparison of the two populations.
FIG. 2: ENLISTED DEPENDENCY RATES FOR ALL PAY GRADES
One possible reason for the decline in the percentage of married civilians is the changing character of the population. The proportion of high school graduates in the U.S. population has climbed steadily since 1970. Since marriage rates tend to decline with education, the proportion married in a population with increasing education will drop, even if the underlying averages remain unchanged. Stated differently, the overall trend may decline due to shifts in the relative population weights, even though the marriage rates for different education levels are unchanged. Further analysis of the civilian data on marital status shows that, even when controlling for educational level, the percent married has dropped sharply. Data from the March 1976 Current Population Survey (CPS) and the May 1983 CPS (table 3), indicate that the proportion of male civilians not in school who are married has fallen at every age, in most cases by a sizeable amount. Although the percentage of married Marines in the same age groups also declined, the drop has not been nearly as great. It therefore appears that changes in the behavior of the U.S. population cannot explain the rise in Marine Corps marriage and dependency rates since 1980. 
FIG. 7: PERCENT MARRIED OF ENLISTED MARINES AND MALE CIVILIANS BY AGE GROUP
Figure 8 compares Marine dependency rates to Navy enlisted rates for the period 1977 to 1985. The overall patterns for both services are similar, and the rates for grades E-3 and E-4 have moved closer in recent years. The similarity in patterns between the Marine and Navy rates suggests that the same factors are influencing both groups. Thus, policies specific to the Marine Corps (such as the implementation of the Unit Deployment Program) can be eliminated as a major factor in the movement of dependency rates. This is not to say that implementation of these policies has had no impact, but only that the effects are small and cannot explain much of the 9.5-point rise since 1980. Moreover, programs that started during the late 1970s cannot have been a factor in the initial high rates of dependency during the first few years the programs were in effect. Another explanation must be found. 
FIG. 8: DEPENDENCY RATES FOR MARINE CORPS AND NAVY E-3 AND E-4
The discussion so far has detected two factors in the rise of the overall dependency rate. A higher grade structure is one explanation for the higher rate of dependency (see table 2 ). The second, and more important reason, is the changing age distribution of the enlisted force. Changes in the age distribution alone account for about 63 percent of the rise in the aggregate dependency rate from 1980 to 1985. That is, if the dependency rate for each age had been the same in 1985 as in 1980, the change in the age distribution alone would explain 63 percent of the rise in the overall dependency rate during that time. These two factors cannot explain all of the increase, however, because there are still systematic variations in dependency rates within grade and age groups.
The single variable that is most closely correlated with dependency rates is military pay. In figure 9 , an index 1 of military pay and allowances is superimposed on dependency rates for enlisted Marines aged 19 to 21. Although the correlation is not perfect, the general bowed shape of the curve for pay is similar to the curve for dependency. Other variables charted over a similar time frame might be correlated with dependency without the existence of a cause-and-effect relationship, but, for a number of reasons, the effect of pay on dependency seems plausible. First, an individual's present and future earnings will influence his or her decision to get married. Higher earnings are likely to increase the probability of marriage because a family will be more affordable. The severe income erosion suffered by military members in 1979 to 1981 must have caused some Marines to consider seriously whether they could afford to have a family or decide to delay marriage. As military incomes rise, marriage rates will probably return to approximately their former levels for each age group.
Moreover, economic studies have found that marriage rates are positively correlated to the business cycle.
2 As incomes rise above their trend values, more people get married. Members of the military are not directly influenced by the U.S. business climate, but the uncertainties of budget appropriations sometimes have a similar effect on the services. The fluctuations in military pay since the mid-1970s appear to have affected marital status among Marines in a pattern consistent with that previously observed for civilians. 
FIG. 9: MILITARY PAY INDEX AND ENLISTED DEPENDENCY RATES
STATISTICAL ANALYSIS
The three principal factors in determining the level of dependency rates that have been identified are grade, age, and pay. To evaluate the importance of these factors on the overall dependency rate, the analysis studies each grade separately, thereby controlling for differences in the grade structure. Within grades, the effects of age and pay are estimated by the use of statistical regression techniques. For budget projections, the predicted dependency rates for each pay grade are matched with the expected grade distribution of the enlisted force to get a prediction of the aggregate dependency rate.
The data used in the analysis are monthly dependency rates provided by Headquarters, Marine Corps. The data are available from October 1977 through June 1986. The data on dependency rates are supplemented by information on the age distribution within grades obtained from the Headquarters Master File (HMF). From the HMF, quarterly estimates of the average age for each grade were calculated and merged with the dependency rates. From the military pay tables, an index of real (adjusted for inflation) pay and allowances was constructed and merged with the other data.
Preliminary investigation showed that although changes in pay and average age explain most of the fluctuations in dependency within grade since
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1978, a significant increase was still unexplained. Based on those findings, the original model was modified to include a time trend designed to capture the upward movement in dependency rates that is independent of changes in pay and age. As is common in time series data of this type, the rates exhibit a significant amount of autocorrelation, so the estimation procedure was adjusted to correct for it.
The approach taken here is to model the dependency rate process as consisting of three parts: a structural component, a trend component, and a random component. The structural component consists of the effects of pay and age. The trend component is modeled as a simple linear trend, in which the dependency rate goes up or down by the same amount each month. The random component contains the unexplained residual after the other two components are controlled for. After some examination, the random component was determined to be autocorrelated. This means that the residual in one period is systematically related to the residuals in previous periods.
The regression equation used in the analysis is
Dependencyi = ai + o^Augrage Agei + a^Pay Indexi + a^Time + ej .
The error term e,, is assumed to follow a first-order autoregressive process, with ,
in which p is the autocorrelation parameter.
The coefficient 02 is an estimate of the change in the dependency rate resulting from a change in the average age within a pay grade. If, for example, the average age rose from 22.1 to 22.2, the dependency rate would be predicted to rise by 0.1 times 02. Similarly, a 3 estimates the effect of a change in the pay index, and 0.4, gives the predicted increase or decrease in the rate each month that is due to the trend component.
The results of the analysis are shown in table 4. Pay grades E-7 through E-9 have not shown much variation in dependency during the last several years, so the statistical analysis did not find any significant relationships with the explanatory variables. Consequently, those grades are not included in the regression results. The other grades demonstrate sizeable differences in sensitivity to the explanatory variables. Grade E-1 shows little variation due to pay or age changes, and most of the explanatory power of the model is due to the autocorrelation process. This indicates that the dependency rates for this pay grade are mostly a random process that can be approximated by a random walk. For grades E-2 and E-3, there is a strong response to pay changes and a positive trend component but no statistically significant impact of age changes. Starting with grades E-4 and through E-6, the effect of average age is strong, especially for grade E-5. The coefficient on average age for sergeants is 12.2, which means that an increase of 1 year in average age will cause a rise of 12.2 points in the dependency rate. To put this effect into perspective, the increase in the average age within grade E-5 from 1980 to 1985 was 1.64, which implies a 20-point rise in the dependency rate for sergeants. The actual increase was only 11, with the difference primarily due to the negative trend. The model predicts that between 1980 and 1985, the 6-percent change in the pay index should have increased the dependency rate by 0.5 points (9.08 X 0.06), and the time trend should have decreased it by 9.6 points (-0.16 X 60 months), for a net increase of 10.9, which is close to the actual increase of 11 points.
An interesting aspect of the results shown in table 4 is the negative trend coefficient for grades E-5 and E-6. Grades E-2 through E-4 all have significant positive trends. The declining trend for older Marines is consistent with the general civilian population, but changes in pay and age have caused the dependency rate to rise. At current rates of increase in the average age of sergeants, the dependency rate should continue to rise, but if the increase in average age levels off, the rates should begin to fall.
PROJECTIONS OF DEPENDENCY RATES
The analysis presented in the previous section examined some of the factors that influence the level of dependency rates. To use those results in making predictions, it is also necessary to develop a method for predicting future changes in pay and average age. Pay changes are relatively easy to predict, at least in the short term, because of the detailed legislative discussion that occurs before pay increases take effect.
The problem of predicting changes in the average age of Marines is more difficult because there are several factors influencing this trend, as well as the more general difficulty of predicting human behavior. Rather than develop a complex, detailed model for projecting the age distribution of the enlisted force, a simple trend model is used. A more complicated approach would involve the analysis of reenlistment behavior as well as changes in the demographic composition of the enlisted force, which is likely to add greater complexity and uncertainty without giving much more precision (and possibly less) in explanatory power. As figure 5 shows, the increase in the average age within pay grades has been steady and systematic during the last several years and can be closely approximated by a linear trend.
For these reasons, the dependency rate predictions are based on a straight-line projection of the historical movements in the average age of Marines within pay grades. The linear trend is estimated using quarterly data on average age for each grade by the regression equation
The coefficient 62 gives the estimated change in average age during each quarter. The results of this analysis are shown in table 5, which lists the regression coefficients for grades E-l through E-6. The estimated coefficients of 62 act as the predicted change in average age and are used in the dependency rate regression model to predict future values of the dependency rate. For example, in table 5 the estimated value of 62 for grade E-4 is 0.039, which means that the average age of Marine corporals is expected to increase by 0.039 year per quarter, or 0.013 per month, based on historical trends. Table 4 shows that the effect of average age on the monthly dependency rate for grade E-4 is 4.28. Therefore, the expected rise in the monthly dependency rate due to increases in average age is (4.28 X 0.013) = 0.056 point. At the same time, the trend component of the model predicts that the monthly dependency rate will rise by 0.10 point per month, for a total increase of 0.156 point. Based on these estimates, this rate of increase is predicted to continue indefinitely, although it would reasonably be expected that the increases in average age, as well as any positive trend, should, at the least, level off. The model does not demonstrate this statistically, however, and attempts to incorporate a quadratic trend yielded increases in dependency rates that would give implausibly high predictions within only a few years. That model was rejected as being unreasonable, as well as unlikely, since the Marine Corps will probably not tolerate such a high proportion of older personnel or Marines with dependents. Based on the estimates presented in tables 4 and 5, table 6 shows the projected monthly dependency rates for grades E-l through E-6. The important assumptions underlying the predictions are:
• The military pay index will remain unchanged from its current level.
• The average age within pay grades will grow at the historical rates estimated in table 5.
• The trend growth in dependency rates will be unchanged from the rates estimated in table 4.
The predictions can be modified easily for any changes in the underlying assumptions.
The projections use the most recent dependency rate data available (July 1986) as the base case. Changes to the base are derived from the coefficients listed in tables 4 and 5 and extrapolated into the future. For example, for pay grade E-3, the July 1986 dependency rate was 24.80. As seen in table 4, the trend rise in the monthly dependency rate is expected to be 0.07 point. Table 5 shows that the expected quarterly change in average age is 0.014; that number is divided by three to get an estimate of the monthly change. From table 4, the coefficient on average age is 0.59, which implies that the monthly increase in dependency due to changes in average age is 0.0027 (0.014 X 0.33 X 0.59). The net monthly increase in the dependency rate for pay grade E-3 is then 0.0727, with a predicted rate for August of 24.87. The projections for the other pay grades are calculated in an identical manner.
The predicted monthly dependency rates, by pay grade, are shown in table 6. It shows a continued rise in the rates for each grade, although at rates lower than experienced in the last year. It is assumed that the dependency rates for grades E-7 through E-9 will remain at their current levels.
The projected growth in dependency rates during the next 3 fiscal years varies a great deal among the different pay grades. Grade E-l is expected to grow only slightly, i.e., 0.18 point by the end of FY 1987. Grades E-2 and E-3 are predicted to rise by 0.42 and 0.98 point, respectively, during the same period. The increases for pay grades E-4 and E-5 are larger, with a 2.3-point rise for corporals and a 1.92-point jump for sergeants. The expected increase for grade E-6 is negligible. Pay grades above E-6 are unaffected by changes in age or pay, primarily because their dependency rates are already so high. Those pay grades do not exhibit any trend either, so their expected future rates are predicted to be the same as current rates.
DISCUSSION
The projected dependency rates shown in table 6 are based on a straightforward extrapolation of recent trends. One difficulty with this approach is that the simple extension of historical behavior cannot detect changes in those trends. Although there is no firm evidence that the rise in dependency is slowing down, presumably it must slacken off at some time in the future. The key issue is the level at which dependency rates will flatten out. The answer does not appear in the statistical analysis, which shows no reduction in the overall rates of growth in dependency. In addition, the main factor in the recent rise in the dependency rate, the aging of the enlisted force, shows no change whatsoever in recent trends (figure 5). Two factors, however, provide some qualitative evidence on the ultimate limit to the rise in dependency rates.
The first factor is the increasing age of the Marine Corps enlisted force. Figure 5 shows a steady, and at times accelerating, growth in the average age of Marines in the most common pay grades. The more rapid growth in the last few years is directly attributable to higher retention rates within the middle pay grades. Even if retention remains high, the shift in the age distribution of Marines will gradually subside and stabilize, because it is the change in retention (among other factors) that causes the shift. Once that stability occurs, the most important determinant of the rise in dependency rates will be eliminated. This process, however, is likely to take several years because the effects of high retention continue to persist over a span of several years. Reenlistment "locks in" Marines for a sustained period of time (usually 4 years), during which they age and are more likely to have dependents.
If and when the age distribution stabilizes, the principal concern will be changing rates for specific age categories. As shown in figure 3 , the dependency rate has risen for every age since 1980, but here, too, there is reason to believe that the rates will level off in the next few years. Table 3 and figure 3 demonstrate that the percentage of Marines who are married is actually lower now than in the 1970s. So although the rise in recent years appears alarming, the overall picture is still generally consistent with the decline in civilian marital status during the same time frame. The civilian rates do show a much greater drop, but it is difficult to believe that the Marine Corps (and the other military services as well) will persist indefinitely in going the opposite direction from what is a very strong demographic trend. Behavioral differences between Marines and civilians are unlikely to be so large that the fundamental characteristics of the two populations can move in contrary directions for very long.
This conclusion does not claim that members of the military and their civilian counterparts cannot have different marriage rates, but only that the general trends should not vary too greatly over long periods of time. This will be particularly true during the next decade, when the declining youth population will require higher rates of participation in the military. Out of necessity, then, the two groups must become more alike, not less. It is also difficult to believe that the percentage of Marines who are married can continue to grow and eventually exceed the percentages of the 1970s, while the civilian rates for comparable age groups have fallen during the same time.
This rather extended discussion suggests that enlisted dependency rates may begin to level off in the next few years. Although this is uncertain, close monitoring of the rates may illuminate some shifts in behavior. The model presented in this memorandum is adaptable to changes in the underlying trends, as well as being flexible to variations in the trend changes in average age and pay raises. These variables should be followed carefully, and any changes incorporated into the forecasting model.
